A b s t r a c t
Sinonasal inverted papillomas, initially described by Ward 1 in 1854 and Billroth 2 in 1855, constitute 0.5% to 4% of all nasal tumors. 3 Histologically, they are characterized by an endophytic, locally aggressive invasion of surface epithelium into the underlying connective tissue stroma. The neoplastic epithelium comprises hyperplastic columnar (respiratory) epithelium, as well as transitional (cuboidal) epithelium and stratified squamous epithelium. 3, 4 In recent years, etiologic aspects of sinonasal inverted papillomas and their association with squamous cell carcinomas of the nose and paranasal sinuses have been studied repeatedly. In this context, oncogene expression, cell cycle regulation, epithelial proliferation, and cell adhesion were assessed repeatedly. [5] [6] [7] [8] [9] [10] [11] [12] However, none of these studies involved the morphologic diversity of the epithelium in sinonasal inverted papillomas. Until now, epithelial differentiation in those lesions remained poorly understood.
During the 1990s, the study of epithelial differentiation by immunohistochemical assessment of cytokeratin (CK) expression led to development of a "gold standard" method. 13 CKs represent the epithelial class of intermediate-sized filaments of the cytoskeleton when they are polymerized. The expression of the individual CKs is strongly correlated with the pathway of differentiation of cells and tissues. 14, 15 From specific CK expression, conclusions can be drawn about the origin, morphologic characteristics, and function of epithelia. 14, 15 For example, CK7, CK8, CK18, and CK19 are typical for columnar epithelia such as the respiratory epithelium of the bronchial tree. CK1, CK2, CK10, CK11, and CK13 are typically expressed in squamous epithelia, for instance, in the oral mucosa or in the epidermis. CK5, CK14, and CK17 are commonly present in immature cells in the regenerative compartment of various epithelia. 14, 15 The present study investigated CK expression and epithelial differentiation in sinonasal inverted papillomas.
Material and Methods

Patients and Tissue Sections
Archived material of sinonasal inverted papillomas from 22 patients (17 men, 5 women; age range, 23 to 69 years; median, 54 years) was retrieved from the files of the Department of Pathology, Military Hospital Ulm, Ulm/Donau, Germany. Specimens were immediately fixed in 4% buffered formalin, routinely processed, and embedded in paraffin wax. Sections 4 µm thick were prepared and stained with H&E.
Standard Histologic Assessment
Inverted papilloma was confirmed histologically according to the World Health Organization classification. 16 Only cases with unequivocal histologic features were analyzed. Fungiform papillomas and cylindrical cell papillomas were excluded from the study. Furthermore, cases with signs of insufficient fixation, dysplasia, or carcinoma were excluded. Standard histologic examination was performed by 2 independent observers (M.J.S. and K.B.). Differences between their individual reports were resolved by reexamination and consensus.
Classification of Types of Epithelial Morphology
By using H&E-stained slides, the presence or absence of 5 predefined types of epithelial morphologic characteristics within each specimen was studied. These types included the following: 1a, columnar (respiratory) epithelium without hyperplasia; 1b, columnar (respiratory) epithelium with isolated basal cell hyperplasia; 1c, columnar (respiratory) epithelium with columnar cell hyperplasia (irrespective of the presence or absence of additional basal cell hyperplasia); 2, transitional (cuboidal) epithelium; and 3, squamous epithelium (irrespective of the presence or absence of cornification). The frequencies of these types of differentiation within the specimens of inverted papilloma were studied. Furthermore, the presence or absence of nonpapillomatous mucosa adjacent to the inverted papillomas was assessed. In the nonpapillomatous epithelium, the types of epithelial morphologic characteristics were classified as for inverted papillomas. The localization of the individual types of morphologic characteristics within the slides was marked for comparative assessment of immunohistochemical results.
Immunohistochemical Studies
Ten additional 4-µm sections were prepared as serial slides from the same tissue specimens used for the H&E-stained sections. The staining procedure was performed as previously reported. 17, 18 The antibodies used in the present study and the individual tissues used for positive controls are summarized in ❚Table 1❚. Negative controls were carried out using normal horse serum with the same dilution.
Evaluation of CK Expression
Assessment of immunostaining was performed independent of the histologic subtyping. In type 1a (without hyperplasia), basal and surface cells were evaluated. In types 1b 
Results
Frequencies of Types of Epithelial Morphologic Characteristics
As shown in ❚Table 2❚, comparable frequencies of columnar (respiratory) epithelium classified as types 1a to 1c were seen in inverted papillomas and adjacent, nonpapillomatous nasal mucosa. Higher frequencies of transitional (cuboidal) and squamous epithelium, classified as types 2 and 3, were observed in inverted papillomas compared with adjacent mucosa. Cornification in squamous epithelium was not observed in any specimen of inverted papillomas. In nonpapillomatous mucosa, a subset of cases showed squamous metaplasia with parakeratotic cells (specimens not further subclassified).
CK Expression in Sinonasal Inverted Papillomas
As summarized in ❚Table 3❚, the abundant expression of CK7, CK8, CK18, and CK19 was found in columnar (respiratory) epithelium in inverted papillomas. Notably, the expression of CK7 was more pronounced in surface cells compared with basal cells ❚Image 1❚. Negative staining results were seen for CK20, as well as for antibodies to CK10, CK10/13, and CK1/2/10/11. Positive staining results with antibodies to CK1/5/10/14 and CK17 comprised basal and parabasal/suprabasal cells but not subluminal and surface cells ❚Image 2❚. Notably, no differences were observed in types 1a to 1c of columnar (respiratory) epithelium, ie, in the presence or absence of hyperplasia.
In transitional (cuboidal) and squamous epithelium in inverted papillomas, the regular presence of CK7, CK8, CK18, and CK19 matched the findings in columnar (respiratory) epithelium ❚Image 3❚. Furthermore, transitional (cuboidal) and squamous epithelium showed negative staining for CK20 and for antibodies to CK10 and CK1/2/10/11. With an antibody to CK10/13, positive staining was seen in subluminal and surface cells ❚Image 4❚. Immunoreactivity with antibodies to CK1/5/10/14 and CK17 was not restricted to basal and parabasal/suprabasal cells, but also included subluminal and surface cells.
Comparative Assessment of Nonpapillomatous Mucosa
As shown in ❚Table 4❚ the staining results in columnar (respiratory) epithelium in nonpapillomatous nasal mucosa matched the findings in inverted papillomas. Again, no differences were seen in types 1a to 1c, ie, in the presence or absence of hyperplasia. In transitional (cuboidal) and squamous epithelium in nonpapillomatous mucosa, staining results for CK7, CK8, CK18, and CK19, as well as with antibodies to CK10 and CK1/2/10/11, were negative. Immunoreactivity with an antibody to CK10/13 was observed in subluminal and surface cells. Positive staining with antibodies to CK1/5/10/14 and CK17 was restricted to basal and parabasal/ suprabasal cells.
Discussion
Sinonasal inverted papillomas comprise a coincidence of columnar (respiratory), transitional (cuboidal), and squamous epithelium. Similar findings were obtained in previous studies. 3, 4, 19, 20 Distinct patterns of CK expression were observed in these types of epithelial differentiation. In columnar (respiratory) epithelium in sinonasal inverted papillomas, CK7, CK8, CK18, and CK19 were expressed regularly. The presence of these cytokeratins is strongly associated with columnar differentiation in general. 14 Table 2 .
A B
Comparable findings were reported from other tissues when the cells were reaching terminal differentiation. 14, 15, 17, 22 Staining for CK20 was negative in all specimens. A strongly restricted expression of CK20 exclusively in the gastrointestinal epithelium, in the urothelium, and in some specific cell types such as Merkel cells has been demonstrated. 15, [23] [24] [25] Respiratory epithelium, eg, in the bronchial tree, has been found negative for this protein. 15, 23 With antibodies to CK10, CK10/13, and CK1/2/10/11, exclusively negative staining results were obtained in columnar (respiratory) epithelium in sinonasal inverted papillomas. The expression of these proteins is associated with squamous differentiation, eg, in the oral mucosa or in the epidermis. 14, 15 With antibodies to CK1/5/10/14 and CK17, immunoreactivity was demonstrated in basal cells of columnar Table 2 .
(respiratory) epithelium in sinonasal inverted papillomas. Considering negative staining results with antibodies to the squamous CK group, the presence of CK5/14 and CK17 in basal cells of the epithelium can be postulated. The expression of these proteins is a typical finding in immature (regenerative) cells in various epithelia. 14, 15 However, a possible selective masking of specific epitopes recognized by the antibodies to the squamous CK group must be considered. 25 Further studies are necessary to clarify this relation. CKs typical for columnar differentiation 7 CK expression in columnar (respiratory) epithelium in sinonasal inverted papillomas was independent of the presence or absence of basal and/or columnar cell hyperplasia. As reported by Moll 15 and Moll et al, 14, [23] [24] [25] CK expression is highly conservative within a given pathway of epithelial differentiation, even if pathologic changes such as hyperplasia, dysplasia, or even malignant change occur.
In transitional (cuboidal) and squamous epithelium in sinonasal inverted papillomas, CK7, CK8, CK18, and CK19 were expressed abundantly. Furthermore, positive staining with an antibody to CK10/13 was seen in subluminal and surface cells. Negative staining with antibodies to CK10 and CK1/2/10/11 suggested the presence of CK13. As previously reported, this protein is typically expressed in terminally differentiated cells in noncornifying squamous epithelia, eg, in the oral mucosa. 14, 15, [26] [27] [28] Stosiek and coworkers 29 demonstrated CK13 in squamous metaplasia of nonpapillomatous nasal mucosa. A coexpression of CKs typical for columnar and squamous differentiation in transitional (cuboidal) and squamous epithelium in sinonasal inverted papillomas must be concluded.
Immunoreactivity for CK5/14 and CK17 was not restricted to basal and parabasal/suprabasal cells, but also included subluminal and surface cells in transitional (cuboidal) and squamous epithelium in sinonasal inverted papillomas. An overexpression of CKs typical for immature (regenerative) cells in these lesions must be concluded. Comparable findings of these proteins in immature surface cells in other tissues such as hyperplastic squamous epithelium in the oral cavity 15, 30, 31 or on the ectocervix 15,32-34 have been reported.
An identical pattern of CK expression was observed in columnar (respiratory) epithelium in sinonasal inverted papillomas and adjacent, nonpapillomatous nasal mucosa.
In transitional (cuboidal) and squamous epithelium in nonpapillomatous mucosa, the columnar CK group was not detected. CK13 was present in subluminal and surface cells; CKs typical for immature cells were present only in basal and parabasal/suprabasal cells. Hence, the coexpression of CKs typical for columnar and squamous differentiation in transitional (cuboidal) and squamous epithelium represents a characteristic phenomenon exclusively in sinonasal inverted papillomas but not in the adjacent mucosa.
The coexpression of CKs typical for columnar and squamous epithelia in head and neck squamous cell carcinomas has been reported. 15 CKs typical for immature (regenerative) cells frequently are overexpressed in these malignant neoplasms. 15 Hence, an association between the coexpression of CKs typical for columnar and squamous differentiation and an increased risk for disease progression in sinonasal inverted papillomas can be hypothesized. Recently, putative prognostic factors for disease progression in sinonasal inverted papillomas have been identified. [7] [8] [9] [10] [11] [12] [35] [36] [37] [38] In this context, further studies are required to clarify the prognostic value of CK expression in sinonasal lesions.
